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Cloning and characterization of a human adenvlvl cyclase 
Field of the Invention 
This invention relates to DNA encoding a human adenylyl cyclase. This invention 
also relates to the adenylyl cyclase encoded by that DNA. Referred to herein as the human 
5 type VI adenylyl cyclase (hAC6) polypeptide, this enzyme can be used as a topi to screen 
for agonists and antagonists that can either stimulate or inhibit type VI adenylyl cyclase 
activity. Such compounds have therapeutic utility in treating (1) diseases that are caused by 
aberrant activity of this enzyme and (2) di seases whdse symptoms can be ameliorated by 
stimulating or inhibiting the activity of type VI adenylyl cyclase. 
10 The present invention also relates to the isolated entire human gene encoding the 

human type VI adenylyl cyclase, methods for the recombinant production of purified 
human type VI adenylyl cyclase and the proteins made by these methods, antibodies 
against the whole human type VI adenylyl cyclase or regions thereof, vectors, nucleotide 
probes, and host cells transformed by genes encoding polypeptides having human type VI 
15 adenylyl cyclase activity, along with diagnostic and therapeutic uses for these various 
reagents. 

Background of the Invention 
Adenylyl cyclases direct the intracellular synthesis of the primary second 
messenger, cyclic-3\5'-adenosine monophosphate (cAMP), by converting ATP to cAMP, 

2 0 principally in response to a diverse family of membrane spanning, G-protein coupled 

receptors, each activated by its own extracellular hormone or protease. Signal 
transduction for G-protein coupled receptors occurs through a coupled heterotrimeric G 
protein complex composed of the alpha (GJ, and beta/gamma (G^) subunits. Upon 
receptor stimulation, G a exchanges GTP for GDP, dissociates from both G^ and the 
25 receptor, and proceeds to directly regulate various effectors, including adenylyl cyclase. 
Multiple families of G a proteins have been identified, two of which are named for their 
effects on regulating adenylyl cyclase activity (G^ family stimulates all adenylyl cyclases, 
while 0^ family inhibits most but not all of the adenylyl cyclases). Each of these G a 
proteins has its own tissue distribution, and subset of coupled receptors, which favors 

3 0 receptor specific regulation of adenylyl cyclase. 
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Additional studies have suggested other means by which adenylyl cyclase activity 
may be regulated within tissues. This concept is derived from findings that a number of 
adenylyl cyclase isoforms exist, each with their own gene locus, distinct set of responses 
to intracellular signals and unique tissue distribution. To date, nine separate isoforms 
5 (Types I-IX) have been characterized, principally from rodents, each with its own 
regulatory properties and tissue specific distribution. 

The structure of adenylyl cyclases has been greatly studied and the putative 
domains given standard nomenclature. Topographically, the adenylyl' cyclase isoforms ^ 
are similar, having two six-transmembrane spanning regions associated with an 

10 intracellular N-terminus, a large cytoplasmic loop (ICD EH, more commonly referred to 
as "C,") and an intracellular C-terminus (more commonly referred to as "Cj"). The 
transmembrane region between the N-terminus and the C } loop is commonly referred to 
as "Ml". The Ml region has three extracellular domains (ECD I, II and III), two 
intracellular domains (ICD I and II) and six transmembrane domains (TM I, II, HI, IV, V 

15 and VI). The region between the C, loop and the C-terminus is referred to as n M2". The 
M2 region has three extracellular domains (ECD IV, V and VI), two intracellular 
domains (ICD IV and V) and six transmembrane domains (TM VII, VIII, DC, X, XI and 
XII). The N-terminus is commonly divided into two regions, designated "N," and "N 2 ". 
The large Q cytoplasmic loop is also divided into two regions, a long n Ci a " region and a 

20 shorter "C, b n region. Lastly, the C-terminus is divided into a long "C^" region and a 
shorter "C^" region. An extensive discussion of these regions can be found in Broach, et 
a/., WO 95/30012, which is incorporated herein by reference. The amino acid sequence 
of the C la and Q, regions are conserved among the different isoforms. On the other 
hand, the N-terminus, C lh and regions show the most diversity among the various 

25 isoforms. 

Based on sequence and functional similarities, these isoforms fell into six distinct 
classes of adenylyl cyclases. Type VI is in the same class as type V, showing sequence 
similarity even in the transmembrane regions where the greatest level of divergence is 
noted among the isoforms. Type V is predominantly expressed in heart and brain tissue. 
3 0 Type VI has a somewhat broader distribution, but its dominant expression is also in heart 
and brain tissue. Type VI, like type V, has a relatively longer N-terminus and relatively 
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shorter C-terminus, lacking the region, than the other i so forms. 

Diversity in activities, and differences in distribution and prevalence of adenylyl 
cyclase isoforms, may contribute to tissue specific regulation of cAMP levels. It is 
expected that by taking advantage of distinct structural and biochemical differences 
5 between different adenylyl cyclases, isoform specific or selective modulators can be 
discovered. This, in conjunction with knowledge of the proportion and distribution of 
each isoform in select tissues provides a means by which one can develop either tissue 
speciflcror selective pharmacological agents since it is expected that isoform specific^ ^ 
modulators would have tissue specificity related to the distribution of that isoform. 

10 Key to the development of selective pharmacological agents is information 

pertaining to the tissue specific distribution and prevalence of each isoform. To date most 
of this information is available for isoform mRNA levels in a handful of non-human 
mammals, although some select mRNA (e.g. Type V) have been measured for many 
human tissues. Acquiring information on protein isoform distribution in human tissues is 

15 considered an important aspect of pharmaceutical research in this area, since this could 
either strengthen existing target information or point to different isoforms, when 
compared with mRNA data. 

To date, only three full length human adenylyl cyclase isoforms have been cloned: 
Type H adenylyl cyclase (Stengel, et al. 9 Hum . Genet . 90:126-130 (1992)), Type VH 

20 adenylyl cyclase (Nomura, etal y DNA Research 1:27-35 (1994)) and Type VIH adenylyl 
cyclase (Defer, et a/., FEBS Letters 351:109-113 (1994)). 

Type VI has been cloned from mouse NCB-20 cells (Yoshimura, et al. y Proc. 
Natl Acad. Sri. USA 89:6716-6720 (1992) ) and canine heart (Katsushika, et a/., Proc. 
JSatL Acad. Scl USA 89:8774-8778 (1992) and Ishikawa, U.S. Patent No. 5,334,521). 

2 5 The human isoform has not been cloned until now. 

Summary Of The Invention 
One aspect of the invention is an isolated and purified human type VI adenylyl 
cyclase (hAC6) polypeptide comprising the amino acid sequence of Figure 1 (SEQ ID 
NO:2). 
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Another aspect of the invention is an isolated and purified nucleic acid encoding for 
the hAC6 polypeptide. 

Yet another aspect of the invention is an isolated and purified nucleic acid 
comprising the nucleotide sequence of Figure 1 (SEQ ID NO: 1) , which encodes a 
5 biologically active hAC6 polypeptide, or fragment thereof. 

Still another aspect of the invention is an isolated and purified nucleic acid 
comprising the nucleotide.sequence of Figure 1 (SEQ ID NO:l) , which encodes a 
biologically active soluble hAC6 peptide fragment. 

Another aspect of the present invention also relates to the human gene encoding 
10 human type VI adenylyl cyclase, which has both diagnostic and therapeutic uses as are 
described below. Included within this invention are proteins or peptides having 
substantial homology with proteins or peptides comprising the amino acid sequence of 
Figure 1 or encoded by a gene having substantial homology with the nucleotide sequence 
of Figure 1 , and which exhibit the same characteristics of human type VI adenylyl 
15 cyclase. 

Yet another aspect of the invention is a method of producing hAC6 which 
comprises incorporating a nucleic acid having the nucleotide sequence of Figure 1 (SEQ 
ID NO: 1) into an expression vector, transforming a host cell with the vector and culturing 
the transformed host cell under conditions which result in expression of the gene. 

20 Brief Description Of The Drawing s 

Figure l(A-I) is the DNA (SEQ ID NO:l) and deduced amino acid sequence (SEQ 
ID NO:2) of human type VI adenylyl cyclase. The entire coding sequence, as well as 
portions of the 5' and 3' untranslated sequences, are shown. The whole sequence was 
done bidirectionally twice by dideoxy sequencing method using Taq polymerase. 

25 Detailed Description Of The Invention 

Definitions 

Before proceeding further with a description of the specific embodiments of the 
present invention, a number of terms will be defined: 
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The terms "substantially pure" and "isolated" are used herein to describe a protein 
that has been separated from the native contaminants or components that naturally 
accompany it. Typically, a monomeric protein is substantially pure when at least about 
60 to 70% of a sample exhibits a single polypeptide backbone. Minor variants or 
5 chemical modifications typically share approximately the same polypeptide sequence. A 
substantially pure protein will typically comprise over about 85 to 90% of a protein 
sample, preferably will comprise at least about 95%, and more preferably will be over 
about 99% pure. Purity is typically measured'^ gel, with homogeneity 

determined by staining. For certain purposes, high resolution will be desired and HPLC 

10 or a similar means for purification utilized. However, for most purposes, a simple 

chromatography column or polyacrylamide gel will be used to determine purity. Whether 
soluble or membrane bound, the present invention provides for substantially pure 
preparations. Various methods for their isolation from biological material may be 
devised, based in part upon the structural and functional descriptions contained herein. In 

15 addition, a protein that is chemically synthesized or synthesized in a cellular system that 
is different from the cell from which it naturally originates, will be substantially pure. 
The term is also used to describe proteins and nucleic acids that have been synthesized in 
heterologous mammalian cells, bacterial cells such as E. coli and other prokaryotes. 

As used herein, the terms "hybridization" (hybridizing) and "specificity" (specific 

20 for) in the context of nucleotide sequences are used interchangeably. The ability of two 
nucleotide sequences to hybridize to each other is based upon a degree of 
complementarity of the two nucleotide sequences, which in turn is based on the fraction 
of matched complementary nucleotide pairs. The more nucleotides in a given sequence 
that are complementary to another sequence, the greater the degree of hybridization of 

25 one to the other. The degree of hybridization also depends on the conditions of 

stringency which include temperature, solvent ratios, salt concentrations, and the like. In 
particular, "selective hybridization" pertains to conditions in which the degree of 
hybridization of a polynucleotide of the invention to its target would require complete or 
nearly complete complementarity. The complementarity must be sufficiently high so as to 

3 0 assure that the polynucleotide of the invention will bind specifically to the target relative 
to binding other nucleic acids present in the hybridization medium. With selective 
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hybridization, complementarity will be 90-100%, preferably 95-100%, more preferably 
100%. 

"Stringent conditions" are those that (1) employ low ionic strength and high 
temperature for washing, for example, 0.015 M NaCl/0.0015 M sodium titrate/0.1% 
5 NaDodS0 4 at 50°C, or (2) employ during hybridization a denaturing agent such as 
formamide, for example, 50% (vol/vol) formamide with 0.1% bovine serum albumin 
("BSA")/0. 1 % Ficoll/0. 1 % polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 
r 6.5 with 750 mM NaCl, 75 rnM sodium citrate at 42°C . Another example is use of 50% 
formamide, 5 x 0.75 M NaCl and 0.075 M sodium citrate ("SSC"), 50 mM sodium 
10 phosphate (pH 6.8), 0.1 % sodium pyrophosphate, 5 x Denhardt's solution, sonicated 
salmon sperm DNA (50 mg/ml), 0.1% sodium dodecyl sulfate ("SDS"), and 10% dextran 
sulfate at 42°C, with washes at 42°C in 0.2 x SSC and 0. 1 % SDS. 

"Isolated" nucleic acid will be nucleic acid that is identified and separated from 
contaminant nucleic acid encoding other polypeptides from the source of nucleic acid. 
15 The nucleic acid may be labeled for diagnostic and probe purposes, using any label 
known and described in the art as useful in connection with diagnostic assays. 

Preferred E mbodiments 
The present invention relates to human type VI adenylyl cyclase, which is referred 
to herein as "hAC6". Figure 1 shows the DNA sequence of the clone encoding the hAC6 

20 polypeptide along with the deduced amino acid sequence. As used herein, the terms 
n hAC6 polypeptide" or "hAC6 enzyme" refer to any adenylyl cyclase sharing a common 
biological activity with the human type VI adenylyl cyclase contained in the clone 
described in Example 1. This "common biological activity" includes but is not limited to 
an effector function or cross-reactive antigenicity. 

25 As indicated above, type VI adenylyl cyclase is in the same isoform class as type 

VI, being expressed mainly in the heart and brain. As with the other known isoforms, 
type VI adenylyl cyclase has a similar putative structure: six extracellular domains; five 
intracellular domains, four small ones and a large cytoplasmic loop; and intracellular 
amino and carboxy termini. 
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However, type VI adenylyl cyclase, like type V, is distinguishable over other 
adenylyl cyclase isoforms in that it has a larger N-terminus and a relatively shorter 
C-terminus as it lacks the region. In the other mammalian isoforms (types I-V and 
VII-IX), much of the membrane associated secondary structure is well conserved. 
5 Certain portions of the hAC6 polypeptide are similarly conserved. 

The scope of the present invention is not limited to the exact sequence of the hAC6 

rM cDNA set forth in Figure 1 (SEQ ID NO: 1), or the use thereof.. The invention, „ , 
contemplates certain modifications to the sequence, including deletions, insertions, and 
substitutions, such as are well known to those skilled in the art. For example, the 

10 invention contemplates replacing one or more codons in the cDNA sequence of Figure 1, 
with codons that encode amino acids that are chemically equivalent to the amino acids in 
the native protein. Chemical equivalency is determined, for example, by one or more of 
the following characteristics: hydrophobicity or hydrophilicity, charge, size, whether the 
residue is cyclic or non-cyclic, aromatic or non-aromatic. So, for example, a codon 

15 encoding a neutral polar amino acid can be substituted with another codon that encodes a 
neutral polar residue, with the reasonable expectation of producing a biologically 
equivalent product. 

Amino acid residues can be generally classified into four groups. Acidic residues 
are hydrophilic and have a negative charge due to loss of H + at physiological pH. Basic 

20 residues are also hydrophilic but have a positive charge due to association with H + at 
physiological pH. Neutral nonpolar residues are hydrophobic and are not charged at 
physiological pH. Neutral polar residues are hydrophilic and are not charged at 
physiological pH. Amino acid residues can be further classified as cyclic or noncyclic, 
and aromatic or nonaromatic, self-explanatory classifications with respect to the side 

25 chain substituent groups of the residues, and as small or large. The residue is considered 
small if it contains a total of 4 carbon atoms or less, inclusive of the carboxyl carbon. 
Small residues are, of course, always nonaromatic. 

Of the naturally occurring amino acids, aspartic acid and glutamic acid are acidic; 
arginine and lysine are basic and noncyclic; histidine is basic and cyclic; glycine, serine 

3 0 and cysteine are neutral, polar and small; alanine is neutral, nonpolar and small; 
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threonine, asparagine and glutamine are neutral, polar, large and nonaromatic; tyrosine is 
neutral, polar, large and aromatic; valine, isoleucine, leucine and methionine are neutral, 
nonpolar, large and nonaromatic; and phenylalanine and tryptophan are neutral, nonpolar, 
large and aromatic. Proline, although technically neutral, nonpolar, large, cyclic and 
5 nonaromatic, is a special case due to its known effects on the secondary conformation of 
peptide chains, and is not, therefore, included in this defined group. 

There are also commonly encountered amino acids, which are not encoded by the 
genetic code: Theseificlude," by way of example and not limitation: sarcosine*'"^"''^'^"*" 
beta-alanine, 2,3-diamino propionic and alpha-aminisobutyric acid which are neutral, 

10 nonpolar and small; f-butylalanine, f-butylglycine, N-methylisoleucine, norieucine and 
cyclohexylalanine which are neutral, nonpolar, large and nonaromatic; ornithine which is 
basic and noncyclic; cysteic acid which is acidic; citrulline, acetyl lysine, and methionine 
sulfoxide which are neutral, polar, large and nonaromatic; and phenylglycine, 
2-naphthylalanine, p-2-thienylalanine and l,2,3,4-tetrahydroisoquinoline-3-carboxylic 

15 acid which are neutral, nonpolar, large and aromatic. 

Ordinarily, the hAC6 polypeptide claimed herein will have an overall amino acid 
sequence having at least 75% amino acid sequence identity with the hAC6 sequence 
disclosed in Figure 1, more preferably at least 80%, even more preferably at least 90%, 
and most preferably at least 95%. More particularly, the N-terminus, Clb and C2b 

2 0 regions of the hAC6 polypeptide or polypeptide fragment claimed herein, will have an 

amino acid sequence having at least 90%, and most preferably at least 95% amino acid 
sequence identity with the hAC6 sequence disclosed in Figure 1. Identity or homology 
with a sequence is defined herein as the percentage of amino acid residues in the 
candidate sequence that are identical with the sequence of the hAC6 polypeptide, after 
25 aligning the sequences and introducing gaps, if necessary, to achieve the maximum 
percent homology, and not considering any conservative substitutions as part of the 
sequence identity. N-terminal, C-terminal or internal extensions, deletions, or insertions 
of the hAC6 sequence shall be construed as affecting homology. 

Thus, the claimed hAC6 polypeptide that is the subject of this invention includes 

3 0 molecules having the hAC6 amino acid sequence; fragments thereof having a consecutive 

sequence of at least 10, 15, 20, 25, 30 or 40 amino acid residues from the hAC6 
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sequence of Figure 1, which exhibits the hAC6 polypeptide characteristics; amino acid 
sequence variants of the hAC6 sequence of Figure 1 wherein an amino acid residue has 
been inserted N- or C-terminal to, or within, (including parallel deletions) the hAC6 
sequence or its fragments as defined above; amino acid sequence variants of the hAC6 
5 sequence of Figure 1 or its fragments as defined above which have been substituted by at 
least one residue, and which exhibit the hAC6 polypeptide characteristics. Of particular 
interest are those peptides corresponding to those regions where the hAC6 polypeptide is 
divergent from types I-V ami VII-BC ^ " ~ 

Human type VI adenylyl cyclase polypeptides include those containing 

10 predetermined mutations by, e.g., homologous recombination, site-directed or PCR 
mutagenesis; naturally occurring variants of the hAC6 polypeptide; derivatives of the 
hAC6 polypeptide or its fragments wherein the hAC6 or its fragments have been 
covalently modified by substitution, chemical, enzymatic, or other appropriate means with 
a moiety other than a naturally occurring amino acid (for example a detectable moiety 

15 such as an enzyme or radioisotope); glycosylation variants of the hAC6 (insertion of a 
glycosylation site or deletion of any glycosylation site by deletion, insertion or 
substitution of appropriate amino acid); and soluble forms of the hAC6 polypeptide or 

. fragments thereof. This invention also includes tagging the hAC6 polypeptide, for 
example, for use in a diagnostic application. Types and methods of tagging are well 

2 0 known in the art, for example, the use of hexa-histidine tags. 

Several regions of the Type VI isoform are highly conserved with the other 
adenylyl cyclase isoforms. Accordingly, it is believed that most sequence modifications 
to the highly conserved regions such as the extracellular domains, transmembrane regions 
and short intracellular domains, including deletions and insertions, and substitutions in 
25 particular, are not expected to produce radical changes in the characteristics of the hAC6 
polypeptide, distinct from those found with similar changes to other isoforms. However, 
when it is difficult to predict the exact effect of the sequence modification in advance of 
making the change, one skilled in the art will appreciate that the effect of any sequence 
modification will be evaluated by routine screening assays. 

3 0 The nomenclature used to describe the peptide compounds of the invention follows 

the conventional practice where the N-terminal amino group is assumed to be to the left 
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and the carboxy group to the right of each amino acid residue in the peptide. In the 
formulas representing selected specific embodiments of the present invention, the amino- 
and carboxy-terminal groups, although often not specifically shown, will be understood to 
be in the form they would assume at physiological pH values, unless otherwise specified. 
5 Thus, the N-terminal H + 2 and C-terminal O* at physiological pH are understood to be 
present though not necessarily specified and shown, either in specific examples or in 
generic formulas. Free functional groups on the side chains of the amino acid residues 
can also be modified by amidation, acylation^or other suBititution, which can, for 
example, change the solubility of the compounds without affecting their activity. All of 

10 the compounds of the invention, when an amino acid forms the C-terminus, may be in the 
form of the pharmaceutical^ acceptable salts or esters. Salts may be, for example, Na + , 
K + , Ca +2 , Mg +2 and the like; the esters are generally those of alcohols of 1-6 carbons. 

In all of the peptides of the invention, one or more amide linkages (-CO-NH-) may 
optionally be replaced with another linkage which is an isostere such as -CH 2 NH-, 

15 -CH 2 S-, -CH 2 CH 2 , -CH=CH- (cis and trans), -COCH 2 -, -CH(OH)CH 2 - and -CH 2 SO-. 
This replacement can be made by methods known in the art. The following references 
describe preparation of peptide analogs which include these alternative-linking moieties: 
Spatola, Vega Data 1(3) "Peptide Backbone Modifications" (general review) (March 
1983); Spatola, in "Chemistry and Biochemistry of Amino Acids Peptides and Proteins," 

20 B. Weinstein, eds„ Marcel Dekker, New York, p. 267 (1983) (general review); Morley, 
J.S., Trends Pharm ScL pp. 463-468 (general review) (1980); Hudson, et al. 9 Int J Pept 
£mt Rgs 14:177-185 (-CH 2 NH-, -CH 2 CH 2 -) (1979) ; Spatola, etal, Life Sci 
38:1243-1249 (-CH 2 -S) (1986); Hann, J Chem Soc Perkin Trans 1 307-314 (-CH-CH-, cis 
and trans) (1982); Almquist, etal. 9 1 M§d Ch&n 23: 1392-1398 (-COCH 2 -) (1980); 

25 Jennings-White, et al % Tetrahedron Lett 23:2533 (-COCH 2 -) (1982); Szelke, et aL y 
European Application EP 45665 (1982) CA:97:39405 (1982) (-CH(OH)CH 2 -); Holladay, 
et aL , Tetrahedron Lett 4:4401-4404 (-C(OH)CH r ) (1983); and Hruby , Life Sci 
31:189-199 (-CH 2 -S-) (1982). 

Human type VI adenylyl cyclase peptides may be purified using techniques of 

3 0 classical protein chemistry, such as are well known in the art. For example, a lectin 
affinity chromatography step may be used, followed by a highly specific ligand affinity 
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chromatography procedure that utilizes a ligand conjugated to biotin through the cysteine 
residues of the ligand. Alternately, the hexa-histidine tagged hAC6 polypeptide may be 
purified using nickel column chromatography. 

One embodiment of the invention relates to recombinant materials associated with 
5 the production of the hAC6 polypeptide. One method of producing hAC6 comprises 
incorporating a nucleic acid having the nucleotide sequence of Figure 1 (SEQ ID NO: 1) 
into an expression vector, transforming a host cell with the vector and culturing the 
transformed host cell under conditions which result in expression of tfie gene. Suitable 
expression vectors include pc3hAC6. Examples of host cells includes bacterial, viral, 

10 yeast, insect or mammalian cell lines. A preferred host cell is the human embryonic cell 
line referred to as "HEK-293". 

The invention also contemplates the use of transfected cells that can be cultured so 
as to display or express hAC6 on its surface, thus providing an assay system for the 
interaction of materials with the native hAC6 where these cells or relevant fragments of 

15 hAC6 are used as a screening tool to evaluate the effect of various candidate compounds 
on hAC6 activity in vivo, as is described below. Another embodiment of the invention 
relates to recombinant materials associated with the production of soluble hAC6 
. fragments. These. include transfected cells, such as E. coli, that can be cultured so as to 
express active portions of the hAC6 polypeptide, in particular the CI and C2 

20 (C-terminus) intracellular loops. These soluble fragments can be purified and 

reconstituted to obtain enzymatic activity. This has been demonstrated with like domains 
from other isoforms. See Whisnant, et al, Proc. Natl. Acad. Sci.:93:6621-6625 (1996). 
Such soluble fragments can also be used as a screening tool to evaluate the effect of 
various candidate compounds on hAC6 activity. Suitable cells for transfection include 

25 bacterial cells, insect cells such as Sf-9 cells, yeast cells and most mammalian cell lines. 
Recombinant production of the hAC6 polypeptide involves using a nucleic acid 
sequence that encodes hAC6, as is set forth in Figure 1, or its degenerate analogs. The 
nucleic acid can be prepared either by retrieving the native sequence, as described below, 
or by using substantial portions of the known native sequence as a probe, or it can be 

3 0 synthesized de novo using procedures that are well known in the art. 
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The nucleic acid may be ligated into expression vectors suitable for the desired host 
and then transformed into compatible cells. Suitable vectors suitable for use in 
transforming bacterial cells are well known in the art. Plasmids and bacteriophages, such 
as lambda phage, are commonly used as vectors for bacterial hosts such as E. coli. Virus 
5 vectors are suitable for use in mammalian and insect cells for expression of exogenous 
DNA. Mammalian cells are readily transformed with SV40 or polyoma virus; and insect 
cells in culture may be transformed with baculovirus expression vectors. Suitable yeast 

" vector systems include yeast centromere plasmids, yeast episomal plasmids and yeast 
integrating plasmids. Alternatively, nucleic acids may be introduced directly into a host 

10 cell by techniques such as are well known in the art. 

The cells are cultured under conditions favorable for the expression of the gene 
encoding the hAC6 polypeptide and cells displaying hAC6 on the surface are then 
harvested. Suitable eukaryotic host cells include mammalian cells, plant cells, yeast cells 
and insect cells. Suitable prokaryotic host cells, include bacterial cells such as E. coli and 

15 Bacillus subtilis, Chinese Hamster Ovary cells, COS cells, the rat-2 fibroblast cell line, 
the human embryonic kidney 293 cell line, and insect cell lines such as Sf-9. 

This invention also relates to nucleic acids that encode or are complementary to a 
hAC6 polypeptide. These nucleic acids can then be used to produce the polypeptide in 
recombinant cell culture for diagnostic use or for potential therapeutic use. In still other 

20 aspects, the invention provides an isolated nucleic acid molecule encoding hAC6, either 
labeled or unlabeled, or a nucleic acid sequence that is complementary to, or hybridizes 
under stringent conditions to, a nucleic acid sequence encoding hAC6. The isolated 
nucleic acid molecule of the invention excludes nucleic acid sequences which encode, or 
are complementary to nucleic acid sequences encoding, other known adenylyl cyclase 

25 isoforms. 

This invention also provides a replicable vector comprising a nucleic acid molecule 
encoding hAC6 operably linked to control sequences recognized by a host transformed by 
the vector; host cells transformed with the vector; and a method of using a nucleic acid 
molecule encoding hAC6 to effect the production of hAC6 on the cell surface or as 
3 0 soluble fragments, comprising expressing the nucleic acid molecule in a culture of the 
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transformed host cells and recovered from the cells. The nucleic acid sequence is also 
useful in hybridization assays for hAC6-encoding nucleic acid molecules. 

In still further embodiments of the invention, a method is described for producing 
hAC6 comprising inserting into the DNA of a cell containing the nucleic acid sequence 
5 encoding hAC6, a transcription modulatory element (such as an enhancer or a silencer) in 
sufficient proximity and orientation to the hAC6-coding sequence to influence 
transcription thereof, with an optional further step comprising culturing the cell 
containing the transcription modulatory element and the hAC6-encoding nucleic acid 
sequence. 

10 This invention also covers a cell comprising a nucleic acid sequence encoding the 

hAC6 polypeptide and an exogenous transcription modulatory element in sufficient 
proximity and orientation to the above coding sequence to influence transcription thereof 
and a host cell containing the nucleic acid sequence encoding hAC6 operably linked to 
exogenous control sequences recognized by the host cell. 

15 This invention provides a method for obtaining cells having increased or decreased 

transcription of the nucleic acid molecule encoding the hAC6 polypeptide, comprising: 
providing cells containing the nucleic acid molecule; introducing into the cells a 
transcription modulating element; and screening the cells for a cell in which the 
transcription of the nucleic acid molecule is increased or decreased. 

2 0 Human adenylyl cyclase type VI nucleic acids for use in the invention can be 

produced as follows. A hAC6 "nucleic acid" is defined as RNA or DNA that encodes the 
hAC6 polypeptide, or is complementary to nucleic acid sequence encoding hAC6, or 
hybridizes to such nucleic acid and remains stably bound to it under stringent conditions, 
or encodes a polypeptide sharing at least 75% sequence identity, preferably at least 80%, 

25 and more preferably at least 85%, with the deduced amino acid sequence shown in Figure 
1. It is typically at least about 10 nucleotides in length and preferably has hAC6 related 
biological or immunological activity. Specifically contemplated are genomic DNA, 
cDNA, mRNA and antisense molecules, as well as nucleic acids based on alternative 
backbone or including alternative bases whether derived from natural sources or 

30 synthesized. 
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Of particular interest is a hAC6 nucleic acid that encodes a full-length molecule, 
including but not necessarily the native signal sequence thereof. Nucleic acid encoding 
full-length protein is obtained by screening selected cDNA or genomic libraries using the 
deduced amino acid sequence disclosed herein for the first time, and, if necessary, using 
5 conventional primer extension procedures to secure DNA that is complete at its 5 1 coding 
end. Such a clone is readily identified by the presence of a start codon in reading frame 
with the original sequence. 

DNA encoding an amino acid sequence variant of the hAC6 polypeptide is 
prepared as described below or by a variety of methods known in the art. These methods 

10 include, but are not limited to, isolation from a natural source (in the case of naturally 
occurring amino acid sequence variants) or preparation by oligonucleotide-mediated (or 
site-directed) mutagenesis, PCR mutagenesis, and cassette mutagenesis of an earlier 
prepared variant or a non-variant version of hAC6. 

Techniques for isolating and manipulating nucleic acids are disclosed for example 

15 by the following documents: U.S. Patent No. 5,030,576, U.S. Patent No. 5,030,576 and 
International Patent Publications WO94/11504 and WO93/03162. See, also, Sambrook, 
et al., "Molecular Cloning: A Laboratory Manual", 2nd Edition, Cold Spring Harbor 
Press, Cold Spring Harbor, NY, 1989, and Ausubel, et al, "Current Protocols in 
Molecular Biology", Vol. 2, Wiley-Interscience, New York, 1987. 

2 0 The isolation, recombinant production and characterization of the hAC6 

polypeptide allows for the design of assay systems using hAC6. The availability of the 
isolated cells providing hAC6 on their surface and the availability of the recombinant 
DNA encoding hAC6 which permits display and expression of the enzyme on host cell 
surfaces, all makes such cells available as a valuable tool for evaluating the ability of 

25 candidate pharmaceuticals, both agonists and antagonists, to affect the activity of hAC6. 
In this manner, the invention is related to assay systems which utilize isolated or 
recombinant^ produced hAC6 to screen for agonist and antagonist activity of candidate 
drugs. This assay is especially useful in assuring that these candidate therapeutic agents 
have the desired effect on hAC6. Determination of these properties is essential in 

30 evaluating the specificity of drugs for other adenylyl cyclase isoforms. 



WO 99/01547 



-15- 



PCT/US98/13694 



The host cells are typically animal cells, most typically mammalian cells. In order 
to be useful in the assays, the cells must have intracellular mechanisms which permit 
hAC6 to be displayed on the cell surface or to be expressed as soluble fragments. The 
animal host cells expressing the DNA encoding the hAC6 polypeptide or a fragment 
5 thereof are then cultured to effect the expression of the encoding nucleic acids so as to 
either 1) produce hAC6 display on the cell surface such that the cells can then be used 
directly in assays for assessment of a candidate drug to bind to or otherwise affect the 
activity of the enzyme, or 2) produce hAC6 as soluble frajgments which can then be 
purified and reconstituted to obtain an enzymatically active compound useful in screening 
10 assays. 

There are several possible strategies to identify compounds which affect hAC6 
activity. Over expression of the hAC6 cDNA can provide a means for isolation of large 
quantities of crude membrane preparations from a stable cell line. HEK-293 cells have 
been found to be particularly useful for this purpose. In this system the measurable 
15 enzyme activity would be predominantly from expression of recombinant hAC6. A 
highly sensitive, reproducible, high throughput screening system is desirable, with 
enzyme activity detected in a 96 well, scintillation proximity-type assay to measure 
P r( *toct formation (cAMP) . There are numerous screening assays that can be utilized.- 
For example, the basal (unstimulated) activity of hAC6 can be measured as a method of 

2 0 detecting both agonists and antagonists of the hAC6 enzyme. In addition, stimulation of 

the enzyme by its most relevant physiological activator, the heterotrimeric G protein 
subunit, G^, can be assayed using activated (GTPyS bound) recombinant bovine G^ 
(expressed and purified from bacteria), with the expectation that additional compounds 
may be identified which inhibit G^ stimulation of the hAC6 polypeptide. Other 
25 stimulatory agents can also be used, such as forskolin or forskolin analogs. "Hits", i.e., 
compounds which affect hAC6, in any of these screens will be further evaluated in other 
assays to help focus on compounds which are relevant to the targeted isoform. 

Another method of evaluating candidates as potential therapeutic agents typically 
involves a screening based approach such as a binding assay in which the candidate (such 

3 0 as a peptide or a small organic molecule) would be tested to measure if, or to what extent, 

it binds the catalytic subunit of the hAC6 enzyme. Preferably, a mammalian cell line that 
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expresses recombinant hAC6 or plasma membrane preparations thereof, will be used in 
the assay. For example, a candidate antagonist competes for binding to hAC6 with either 
a labeled agonist or antagonist, for example labeled forskolin or a labeled forskolin 
analog. Varying concentrations of the candidate are supplied, along with a constant 
5 concentration of the labeled agonist or antagonist. The inhibition of binding of the 
labeled material can then be measured using established techniques. This measurement is 
then correlated to determine the amount and potency of the candidate that is bound to 
HAC6. 

Another method of identifying compounds which affect hAC6 activity is the 

10 rational design of synthetic compounds based on nucleotide scaffolds, targeted to either of 
two distinct sites on the hAC6 enzyme. One of these is the active site (ATP being the 
substrate, cAMP being the product) and the other is the separate P site (adenine 
nucleoside 3 '-polyphosphates reportedly demonstrating the greatest inhibitory activity, 
with either pure or crude enzyme preparations). As a related approach, one could attempt 

15 to design forskolin analogues which may demonstrate isoform specific effects. 

In addition, using the above assays, the ability of a candidate drug to stimulate or 
inhibit the activity of hAC6 can be tested directly. 

. Once lead candidatesare identified, and for purposes of demonstrating that isoform - 

specificity may be achieved with small molecule modulators, it is desirable to develop 

2 0 assay systems which monitor most, and preferably all, human adenylyl cyclase isoforms. 
These assays may be used to evaluate either existing (e.g. forskolin analogs or P site 
inhibitors) or newly discovered small molecule modulators and determine structure 
activity relationships for different adenylyl cyclase isoforms. Such assays could also be 
used to evaluate either specific or selective modulators of other adenylyl targets and with 

25 use of a whole cell assay, may provide useful insights for designing bioavailability and 
addressing biological activity of lead candidates. 

The hAC6 also has utility in assays for the diagnosis of diseases and disorders by 
detection, in tissue samples, of aberrant expression of the hAC6 enzyme. 

Another aspect of the invention relates to hAC6 agonists that imitate the naturally 

30 occurring form of hAC6. These agonists are useful as control reagents in the 
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above-mentioned assays to verify the workability of the assay system. In addition, agonists 
for hAC6 may exhibit useful effects in vivo in treating disease. 

Another aspect of the invention relates to hAC6 antagonists that are modified forms 
of hAC6 peptides. Such antagonists bind to hAC6, and prevent enzyme-substrate 
5 interaction by blocking their binding to hAC6. Another group of compounds within the 
scope of the invention, are antagonists of hAC6 substrate, i.e., these are substrate 
inhibitors. Both these types of antagonists find utility in diminishing or mediating events 
based upon enzyme-substrate interaction such as cAMP production. Yet another second 
group of antagonists includes antibodies designed to bind specific portions of hAC6. In 

10 general, these are monoclonal antibody preparations which are highly specific for any 
desired region of hAC6, although polyclonal antibodies are also contemplated by this 
invention. The antibodies, which are explained in greater detail below, are also useful in 
immunoassays for the hAC6 enzyme, for example, in assessing successful expression of 
the gene in recombinant systems. 

15 In both the agonists and antagonists, a preferred embodiment is that class of 

compounds having amino acid sequences that are encoded by the hAC6 gene. The 
invention also includes those compounds where one, two, three or more of said amino 
acid residues are replaced by one(s) which is not encoded genetically . Also included in 
the invention are isolated DNA molecules that encode these specific peptides. 

20 It is believed that the extracellular domains of enzymes may play a key role in 

extracellular activities, for example, in enzyme regulation. Accordingly, the invention 
includes agonists and antagonists having amino acid sequences, in whole or in part, 
corresponding to the extracellular domains of hAC6, the sequences of which can be 
approximated from the amino acid sequence of Figure 1 and the hydropathy analysis of 

25 Figure 4. The invention also includes agonists and antagonists that affect the enzyme's 
function by binding to the N- or C-terminus or to one of the intracellular (ICD) domains 
of hAC6, the sequences of which can be approximated from the amino acid sequence of 
Figure 1 and the hydropathy analysis. 

In other adenylyl cyclases, the ICD IV and carboxy terminus regions have been 

3 0 shown to play a role in enzyme activity or G a or forskolin interaction. See for example: 
Whisnant, et aL , supra. Accordingly, it is expected that the amino acid sequences of the 
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ICD IV and carboxy terminus regions of hAC6, in whole or in part, will be particularly 
useful in designing antibodies or peptides that can bind the enzyme and block enzyme 
activity or interaction. 

As the understanding of adenylyl cyclases and factors which effect isoform activity 
5 increases, rational drug design is becoming a viable alternative in pharmaceutical 
research. It is believed that the two conserved intracellular domains of adenylyl cyclase 
(the Cj and C 2 domains) associate to form an active enzyme. This has been demonstrated 
with studies that combine both expressed recombinant C, and C 2 domains. Both the C, 
and Q domains are required to reconstitute enzyme activity while either alone has no 

10 substantial activity. Forskolin plus stimulates this system, by increasing the 
association of the two domains. Designing assays which monitor enzyme activity, 
dependent on association of two separate domains, is expected to provide greater 
sensitivity to antagonists since this would presumably be more easily disrupted. Other 
studies have demonstrated that peptides, comprised of sequences from conserved regions 

15 of the intracellular domains, act as inhibitors of detergent solubilized enzyme 
preparations. This invention contemplates the use of peptide walking strategies, to 
delimit regions of the modulator which may be responsible for its activity, leading to the 
design of small molecule inhibitors. Finally, knowledge of uncharacterized, physiological 
modulators of adenylyl cyclase, particularly those that demonstrate isoform specificity, 

20 may provide new assay systems for identifying novel AC modulators. It is expected that 
many of these modulators would be proteins and some may be identified while using 
adenylyl cyclase sequences as "bait" in a yeast two hybrid system. Alternatively one may 
identify proteins which coprecipitate with adenylyl cyclase upon capture with adenylyl 
cyclase antibodies. 

25 The peptide agonists and antagonists of the invention are preferably about 10-100 

amino acids in length, more preferably 25-75 amino acids in length. These peptides can 
be readily prepared using standard solid phase or solution phase peptide synthesis, as is 
well known in the art. In addition, the DNA encoding these peptides can be synthesized 
using commercially available oligonucleotide synthesis instrumentation and recombinantly 

30 produced using standard recombinant production systems. Production using solid phase 
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peptide synthesis is required when non-gene encoded amino acids are to be included in 
the peptide. 

Another aspect of the invention pertains to antibodies, which have both diagnostic 
and therapeutic uses. Antibodies are able to act as antagonists or agonists by binding 
5 specific regions of the hAC6 polypeptide. These antibodies also find utility in 

immunoassays that measure the presence of hAC6, for example in immunoassays that 
measure gene expression. In general, antibodies to adenylyl cyclases, and more 
importantly, those which may recognize specific isoforms of adenylyl cyclase, are a 
useful tool to evaluate tissue distribution and prevalence of the adenylyl cyclase protein. 

10 By identifying regions of dissimilarity between the adenylyl cyclase isoforms and the 
antigenic potential of these regions, either synthetic peptides or recombinant proteins to 
these sequences can be created for use in immunization. The resulting antibodies would 
then be characterized for specificity based on the unique qualities of the immunogen and 
reactivity with other expressed isoforms. Detection of isofonn protein in various tissues 

15 can readily be monitored by Westerns blots; however, immunohistochemical analysis 
would also be useful. This information is useful to identify the adenylyl cyclase target of 
interest, providing valuable insights into useful therapeutic strategies such as targets in 
cardiovascular disease, asthma or obesity . 

The antibodies of the present invention can be prepared by techniques that are well 

2 0 known in the art. The antibodies can be monoclonal or polyclonal, but are preferably 
monoclonal antibodies that are highly specific for hAC6 and can be raised against the 
whole hAC6 polypeptide or regions thereof Antibodies are prepared by immunizing 
suitable mammalian hosts (typically rabbit, rat, mouse, goat, human, etc.) in appropriate 
immunization protocols using the peptide haptens (immunogen) alone, if they are of 

25 sufficient length, or, if desired, or if required to enhance immunogenicity, conjugated to 
suitable carriers. The immunogen will typically contain a portion of the hAC6 
polypeptide that is intended to be targeted by the antibodies. Critical regions include 
those regions corresponding to the extracellular domains of the hAC6 enzyme, any 
region(s) of proteolytic cleavage, and any segments) of the extracellular segment critical 

30 for activation. Methods for preparing immunogenic conjugates with carriers such as 
bovine serum albumin, keyhole limpet hemocyanin, or other carrier proteins are well 
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known in the art. In some circumstances, direct conjugation using, for example, 
carbodiimide reagents may be effective; in other instances linking reagents such as those 
supplied by Pierce Chemical Co., Rockford, IL, may be desirable to provide accessibility 
to the hapten. The hapten can be extended at the amino or carboxy terminus with a 
5 cysteine residue or interspersed with cysteine residues, for example, to facilitate linking 
to carrier. The desired immunogen is administered to a host by injection over a suitable 
period of time using suitable adjuvants followed by collection of sera. Over the course of 
the immunization schedule, titers of antibodies are taken to determine the adequacy of 
antibody formation. 

1 0 Polyclonal antibodies are suitable for many diagnostic and research purposes and 

are easily prepared. Monoclonal antibodies are often preferred for therapeutic 
applications and are prepared by continuous hybrid cell lines and collection of the 
secreted protein. Immortalized cell lines that secrete the desired monoclonal antibodies 
can be prepared by the method described in Kohler and Milstein, Matum. 256:495-497 

15 (1975) or modifications which effect immortalization of lymphocytes or spleen cells, as is 
generally known. The immortalized cell lines are then screened by immunoassay 
techniques in which the antigen is the immunogen or a cell expressing hAC6 on its 
surface. Cells that are found to secrete the desired antibody, can then be cultured in vitro 
or by production in the ascites fluid. The antibodies are then recovered from the culture 

2 0 supernatant or from the ascites supernatant. 

Alternately, antibodies can be prepared by recombinant means, i.e., the cloning 
and expression of nucleotide sequences or mutagenized versions thereof that at a 
minimum code for the amino acid sequences required for specific binding of natural 
antibodies. Antibody regions that bind specifically to the desired regions of hAC6 can 

2 5 also be produced as chimeras with regions of multiple species origin. 

Antibodies may include a complete immunoglobulin or a fragment thereof, and 
includes the various classes and isotypes such as IgA, IgD, IgE, IgGl, IgG2a, IgG2b, 
IgG3 and IgM. Fragments include Fab, Fv, F(ab') 2 > Fab\ and so forth. Fragments of 
the monoclonals or the polyclonal antisera which contain the immunologically significant 

3 0 portion can be used as antagonists, as well as the intact antibodies. Use of 

immunologically reactive fragments, such as the Fab, Fab 1 , or F(ab') 2 fragments is often 
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preferable, especially in a therapeutic context, as these fragments have different 
immunogenicity than the whole immunoglobulin, and do not carry the biological activity 
of an immunoglobulin constant domain. 

The antibodies thus produced are useful not only as potential agonist or antagonists 
5 for the hAC6 polypeptide, filling the role of agonist or antagonist in the assays of the 
invention, but are also useful in immunoassays for detecting the hAC6 enzyme. As such 
these antibodies can be coupled to imaging agents for administration to a subject to allow 
detection of localized antibody to ascertain the undef-or 6ver-expressibi6rdf KAC6 in 
tissues of interest. In addition, these reagents are useful in vitro to detect, for example, 

10 the successful production of hAC6 on the surface of the recombinant host cells. 

Yet another aspect of the invention relates to pharmaceutical compositions 
containing the compounds and antibodies of the invention. The agonists and antagonists 
of the invention have therapeutic utility in (1) treating diseases caused by aberrant activity 
of the hAC6 enzyme in tissues where it is customarily found, for example in the heart and 

15 brain and (2) treating diseases whose symptoms can be ameliorated by stimulating or 
inhibiting the activity of hAC6. 

The peptide agonists and antagonists of the invention can be administered in 
conventional formulations for systemic administration such as is well known in the art. 
Typical formulations may be found, for example, in Remington's Pharmaceutical 

20 Ssienees, Mack Publishing Co., Easton PA, latest edition. 

Preferred forms of systemic administration include injection, typically by 
intravenous injection. Other injection routes, such as subcutaneous, intramuscular, or 
intraperitoneal, can also be used. More recently, alternative means for systemic 
administration of peptides have been devised which include transmucosal and transdermal 

25 administration using penetrants such as bile salts or fusidic acids or other detergents. In 
addition, if properly formulated in enteric or encapsulated formulations, oral 
administration may also be possible. Administration of these compounds may also be 
topical and/or localized, in the form of salves, pastes, gels and the like. 
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The dosage range required depends on the choice of peptide, the route of 
administration, the nature of the formulation, the nature of the patient's condition, and the 
judgment of the attending physician. Suitable dosage ranges, however, are in the range 
of 0. 1-100 /zg/kg of subject. Wide variations in the needed dosage, however, are to be 
5 expected in view of the variety of peptides available and the differing efficiencies of 
various routes of administration. For example, oral administration would be expected to 
require higher dosages than administration by intravenous injection. > ^Variations in these - - - 
dosage levels can be adjusted using standard empirical routines for optimization as is well 
understood in the art. 

10 The invention also relates to the therapeutic, prophylactic and research uses of 

various techniques to block or modulate the expression of the hAC6 by interfering with 
the transcription of translation of a DNA or RNA molecule encoding the hAC6. This 
includes a method to inhibit or regulate expression of hAC6 in a cell comprising 
providing to the cell an oligonucleotide molecule which is antisense to, or forms a triple 

15 helix with, hAC6-encoding DNA or with DNA regulating expression of hAC6-encoding 
DNA, in an amount sufficient to inhibit or regulate expression of the hAC6, thereby 
inhibiting or regulating its expression. Also included is a method to inhibit or regulate 
expression of hAC6 in a subject, comprising administering to the subject an 
oligonucleotide molecule which is antisense to, or forms a triple helix with, 

2 0 hAC6-encoding DNA or with DNA regulating expression of hAC6-encoding DNA, in an 

amount sufficient to inhibit or regulate expression of hAC6 in the subject, thereby 
inhibiting or regulating its expression. The antisense molecule or triple helix-forming 
molecule in the above methods is preferably a DNA or RNA oligonucleotide. These 
utilities are described in greater detail below. 
25 The constitutive expression of antisense RNA in cells has been shown to inhibit the 

expression of about 20 different genes in mammals and plants, and the list continually 
grows (Hambor, et al. y L Ex&. Med. 168:1237-1245 (1988); Holt, et al. 9 Eroc, Nad- 
Acad. ScL 83:4794-4798 (1986); Izant, et al y Cell 36:1007-1015 (1984); Izant, et al., 
Science 229:345-352 (1985) and De Benedetti, et al., Pioc. Hafl, Acad. Sri. 84:658-662 

3 0 (1987)). Possible mechanisms for the antisense effect are the blockage of translation or 
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prevention of splicing, both of which have been observed in vitro. Interference with 
splicing allows the use of intron sequences (Munroe, EMBO. L 7:2523-2532 (1988) 
which should be less conserved and therefore result in greater specificity in inhibiting 
expression of a protein of one species but not its homologue in another species. 
5 Therapeutic gene regulation is accomplished using the "antisense" approach, in 

which die function of a target gene in a cell or organism is blocked, by transfection of 
DNA, preferably an oligonucleotide, encoding antisense RNA which acts specifically to 
inhibit e^reMoh df thFp gene. The sequence of the antisense DNA is 

designed to result in a full or preferably partial antisense RNA transcript which is 

1 0 substantially complementary to a segment of the gene or mRNA which it is intended to 
inhibit. The complementarity must be sufficient so that the antisense RNA can hybridize 
to the target gene (or mRNA) and inhibit the target gene's function, regardless of whether 
the action is at the level of splicing, transcription or translation. The degree of inhibition, 
readily discernible by one of ordinary skill in the art without undue experimentation, must 

15 be sufficient to inhibit, or render the cell incapable of expressing, the target gene. One of 
ordinary skill in the art will recognize that the antisense RNA approach is but one of a 
number of known mechanisms which can be employed to block specific gene expression. 

By the term "antisense" is intended an RNA sequence, as well as a DNA sequence 
coding therefor, which is sufficiently complementary to a particular mRNA molecule for 

2 0 which the antisense RNA is specific to cause molecular hybridization between the 

antisense RNA and the mRNA such that translation of the mRNA is inhibited. Such 
hybridization must occur under in vivo conditions, that is, inside the cell. The action of 
the antisense RNA results in specific inhibition of gene expression in the cell. See 
Albers, et a/., "Molecular Biology Of The Cell", 2nd Ed., Garland Publishing, Inc., New 
25 York, NY (1989), in particular, pages 195-196. 

The antisense RNA of the present invention may be hybridizable to any of several 
portions of a target mRNA, including the coding sequence, a 3' or 5* untranslated region, 
or other intronic sequences. A preferred antisense RNA is that complementary to hAC6 
mRNA. As is readily discernible by one of skill in the art, the minimal amount of 

3 0 homology required by the present invention is that sufficient to result in hybridization to 
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the specific target mRNA and inhibition of its translation or function while not affecting 
function of other mRNA molecules and the expression of other genes. 

Antisense RNA is delivered to a cell by transformation or transfection with a 
vector into which has been placed DNA encoding the antisense RNA with the appropriate 
5 regulatory sequences, including a promoter, to result in expression of the antisense RNA 
in a host cell. 

"Triple helix" or "triplex" approaches involve production of synthetic 
oligonucleotides which bind to ^e major ^ groove of a duplex DNA to form a colinear 
triplex. Such triplex formation can regulate and inhibit cellular growth. See, for 

10 example, Hogan, et aL % U.S. Patent 5, 176,996; Cohen, et a/., ScL Amer.. Dec. 1994, 
p. 76-82; Helene, Anticancer Drug Design 6:569-584 (1991); Maher HI, etal., Antisense 
Res. Devel . 1:227-281 (Fall 1991); and Crook, et al. eds., "Antisense Research and 
Applications", CRC Press, 1993; all of which are incorporated herein by reference. It is 
based in part on the discovery that a DNA oligonucleotide can bind by triplex formation 

15 to a duplex DNA target in a gene regulatory region, thereby repressing transcription 
initiation (Cooney, et. al. Science 241:456 (1988)). The present invention utilizes 
methods such as those of Hogan et al. , supra , to designing oligonucleotides which will 
-bind tightly and specifically to a duplex DNA target comprising part of the 
hAC6-encoding DNA or a regulatory sequence thereof. Such triplex oligonucleotides can 

2 0 therefore be used as a class of drug molecules to selectively manipulate the expression of 

this gene. 

Thus the present invention is directed to providing to a cell or administering to a 
subject a synthetic oligonucleotide in sufficient quantity for cellular uptake and binding to 
a DNA duplex of the target hAC6-coding DNA sequence or a regulatory sequence 
25 thereof, such that the oligonucleotide binds to the DNA duplex to form a colinear triplex. 
This method is used to inhibit expression of the hAC6 enzyme on cells in vitro or in vivo. 
Preferably the target sequence is positioned within the DNA domain adjacent to the RNA 
transcription origin. This method can also be used to inhibit growth of cells which is 
dependent on expression of this enzyme. The method may also be used to alter the 

3 0 relative amounts or proportions of the hAC6 expressed on cells or tissues by 

administering such a triplex-forming synthetic oligonucleotide. 
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The following examples are intended to illustrate but not to limit the invention. 

EXAMPLE 1 

Construction and Screening of a human heart cDNA library 
Whole human heart was used as a source of mRNA. The libraries were purchased 
5 from a commercial source, Clontech (Catalog No. HL3026a). The libraries were 
prepared in a lambda gtlO phage with both oligo-dT and random primers. The primary 
screening of the lambda gtlO library was carried out with gentle washing (less stringent 
" conditions). Prehybridization and hybridation were earned out at standard conditions. 
A suitable PCR AC fragment was used as a probe. 
10 The probe was radiolabeled with ^P-dCTP by the random primer labeling method. 

After hybridization, the blot was washed under increasingly stringent conditions and then 
radioautographed. A positive clone was obtained. 

The next step was to ascertain the foil length cDNA sequence from the inserts in 
the clones. All the positive clones from the human heart library were subcloned into a 
15 suitable plasmid. After restriction maps were made, they were further subcloned and 
sequenced with universal primers or synthesized oligomers. The sequence was performed 
bidirectionally with Sequenase (Tabor, etal. y Proc . Natl . Acad. Sci. USA, 84:4767-4771 

(1987). .„ . 

Clone were either used on their own, or sequenced and then used to generate PCR 

2 0 primers which were used to acquire additional clones of interest, by the PCR-based 

RACE ("rapid amplification of cDNA ends") technique (Frohman, M.A., Methods 
EnzymoL 218:340-362 (1991)) and human heart mRNA. One clone of particular interest 
was used as a probe to screen a separate human heart library and several more clones 
were obtained. Sequencing revealed an open reading frame of 3504 bases reads through 
25 to a TGA, a translation termination codon (Figure 1). Thus, the clone(s) encode a protein 
of 1 168 amino acids. The entire coding portion of the cDNA and its deduced amino acid 
sequence are shown (Figure 1) (SEQ ID NO: 1 and 2, respectively). 

One or more fragments from these clones were subcloned into pcDNA3, obtained 
from Invitrogen. The resulting expression vector, containing the full length cDNA, was 

3 0 given a designation. Samples of this expression vector, inserted into an appropriate E. 

coli strain designated SURE, were deposited with the American Type Culture Collection, 
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12301 Parklawn Drive, Rockville, Md. 20852, on . 1997 in accordance 

with the Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure and have been accorded accession 

number ATCC . 

5 EXAMPLE 2 

Cloning and Expression of the hu man type VI adenvlvl cyclase 
The human type VI adenylyl cyclase was produced by cloning and expressing heart 
-type VI adenylyl cyclase cDNA in a suitable expression system using recombinant DNA 
methods, such as are well known in the art. 
10 Purified plasmid was transfected into HEK-293 cells using electroporation. The 

cells were grown in an appropriate growth medium then washed. After the addition of 
trypsin solution, the cells were incubated, harvested and resuspended in the growth 
media. Purified plasmid was added to an electroporation cuvette. Cells were added to 
the DNA and the mixture was pulsed. The cell-DNA mixture was then plated into a 
15 suitable growth media. The plate was incubated before placing cells on a suitable 
selective media. 

hAC6, having 1168 amino acids, was analyzed for secondary structure by the 
method of Kyte, et .of., J.Mol. Bid. 157:105-132 (1982). The software, GeneWorks; 
v.2.45; IntelliGenetics, Inc. ; Mountain View; California was used to obtain a hydropathy 

2 0 plot, and thereby identify the membrane related structure of this adenylyl cyclase isoform. 
The method of Kyte, et al., supra, was used with a window size of 5. 

Twelve peaks appear in the hydropathy plot, not shown, which represent 
transmembrane spanning regions. These results suggest that this adenylyl cyclase isoform 
has a structure of twelve transmembrane spanning regions, as well as a large cytoplasmic 

25 loop located in the middle and at the end, which is consistent with the structures of the 
previously characterized isofonns. 

EXAMPLE 3 
Evaluation of the human type VI adenvlvl cyclase 
The biochemical characteristics of hAC9 were determined in a stable expression 
30 system using HEK-293 cells. A fragment of the adenylyl cyclase cDNA containing the 
whole coding sequence was inserted into a suitable plasmid. 
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An assay was performed to measure cAMP product formation and it was 
determined that the hAC6 enzyme expressed by this cDNA was active. 

EXAMPLE 4 

Tissue distribution of the human type VI adenvlvl cyclase 
5 In order to determine the tissue distribution of hAC6, Northern blotting was 

performed using mRNA from various tissues. Messenger RNA was purified using 
guanidium sodium and oligo-dT columns from various human tissues. 

: The blot was pfe-hybridized in a suitable solution before the addition of a probe. 
Hybridization was performed, followed by washing under increasingly stringent 
10 conditions. The blot was then autoradiographed. 

The results of the Northern blot analysis indicated that hAC6 is predominantly 
expressed in heart and brain tissue, although some expression was also found at slight 
levels in other tissues. 

AH references cited and mentioned above, including patents, journal articles and 
15 texts, are all incorporated by reference herein, whether expressly incorporated or not. 

Having now fully described this invention, it will be appreciated by those skilled in 
the art that the same can be performed within a wide range of equivalent parameters, 
concentrations, and conditions without departing from the spirit and scope of the 
invention and without undue experimentation. 
2 0 While this invention has been described in connection with specific embodiments 

thereof, it will be understood that it is capable of further modifications. This application 
is intended to cover any variations, uses, or adaptations of the invention following, in 
general, the principles of the invention and including such departures from the present 
disclosure as come within known or customary practice within the art to which the 
2 5 invention pertains and as may be applied to the essential features hereinbefore set forth as 
follows in the scope of the appended claims. 
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Claims 

What is claimed is: 

1. An isolated and purified human type VI adenylyl cyclase polypeptide comprising the 
amino acid sequence of Figure 1 (SEQ ID NO:2). 

2. An isolated and purified nucleic acid encoding for human type VI adenylyl cyclase. 

3. An isolated and purified nucleic acid comprising the nucleotide sequence of Figure 1 
(SEQ ID NO:l), which encodes a biologically active human type VI adenylyl cyclase. 

4. The nucleic acid of Claim 3, which encodes a biologically active soluble human type 
VI adenylyl cyclase peptide fragment. 

5. A method of producing human type VI adenylyl cyclase which comprises 
incorporating the nucleic acid of claim 2 into an expression vector, transforming a host 
cell with said vector and culturing the transformed host cell under conditions which result 
in expression of the gene. 

6. The method of claim 5 wherein the host cell comprises a bacterial, viral, yeast, insect 
or mammalian cell line. 

7. The method of Claim 6 wherein said host cells are HEK-293 cells. 
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FIG. I A i/9 

GOGGAOQQCG GAOGQOGGAC GGOQQQOQQG AGQQOCAGGA OQQQQGQQCT 50 
OGCCTGOCGC CK300QOCTG O0Q00CX300C TQODQGICCT GCQCGCCOGA 



OGGAQGAOCG OQGGAOQQQC QGCOQQQOQG CCQGAQQOOG OGGGGGCGGC 100 
GCOQCTQGC QOQCTQQQQG QQQQOOQQQC GQC3CKX3QQC GC0Q00GC0G 



GQQQOGQQQG OOCBGGGCAG GCGCGGAQCC QGGOOGGCAG CAACATCICA 150 
CDCCGCCCCC GQGTDOOOGTC CGCGGCTQQG CCOQQCX3GIC GTIGTACAGT 

MetSer 

TOGTITAGIG GQCTCCTGGT CCCIAAAGIG GMGAACOGA AAACAQCCIG 200 
AGCAAATCAC CQGAQGACCA GQGATTICAC CTftLTlUULT TTTGTOQGftC 
TrpPheSerG lyLeuLeuVa lProLysVal AspGluArgL yslhrAlaTr 

GGGTGAACGC AATGGGCAGA AQQGTKX30G GGQOOGIGQC ACTOQQQCAG 250 
(XEACITQOG TEAOOOGTCT TQQCAAGOGC QGOQGCAGOG TGAGOOOGTC 
pGlyGluArg AsnGlyGlnL ysArgSerAr gftrgArgGly ThrArgAlaG 

GTQQCTTCTC CAOGOCCCGC TATA3GAGCT QCCICCQQGA TQCAGAQCCA 300 
CADCGAAGAC GTOQQGQQOG ATATACTOGA OGGAQQOQCT AO3ICI0QGT 
lyGlyPheCy sThrProArg TyrMetSerC ysLeuArgfts pAlaGluPro 

CCTAGCOCCA COCCTOOQGG OOOCOCTOQG TGCOOCTGGC AGGATGAOGC 350 
QQGfrOQQQGTP GQQGACQODC GGGGGGAGQC AOQQQGAOOG TQCTACIQOG 
ProSerProT hrProAlaGl yProProArg CysProTrpG lnAspAspAl 

CTICATQOQG AGQQQOQGOC CAGGCAAGQG CAAGGAQCIG QQQCIGQQQG 400 
GAAGTAQQCC TOQOQQOOQG GTOOGnCOC Ul'lU.' lua C CCCGAOQCXX: 
aPhelleArg ArgGlyGlyP roGlyLysGl yLysGluLeu GlyLeuArgA 

CAGTQQOOCT QQGdTGGAG GA.TACCGAQG TCACAAQGAC AQCQQQCQQG 450 
GfTCADOQQGA. CCOGAAQCTC CTATQGCTOC ACTGrTTQCIG TOQOOOQOOC 
laValAlaLe uGlyPheGlu AspffhrGluV alllrrthrlti rAlaGlyGly 

AOGQCIGAGG TOQCQOGQGA. aXGGTGCOC AGGAGTOGGA GATOCT3CT3 500 
TQCOGACIDC AOOQOGQGCT GOQCCACQQG TCCICACCCT CEAQGAOGAC 
ThrAlaGluV alAlaProAs pAlaValPro ArgSerGlyA rgSerCysfl* 

GCCCCGTCTG GTOCAGGTGT TCCAGTOGAA QCAGflTOCCrr T0QQ0CAAGC 550 
CQOQQCAGAC CAOSIGCACA AGGTCAGCTT CXJDCAAQQCA. AQOOGGITOS 
pArgArgLeu ValGlnValP heGlnSerLy sGlnPheArg SerAlaLysL 

"IQGAGCAOCT GTACCAGCGG TALT1LT1DC AGATGAACCA GAGCAQQCT3 600 
ACCTOGIQGA CATQGTDQCC ATGAAGAAGG TCTACITOGT CTCU11IJUGAC 
euGluHisLe uTyrGlnArg TyrPhePheG lnMetAsrCl nSerSerLeu 
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FI6. IB m 

AGQCIGCTGA TOGCQGTGCT QGTOCIQCTC ACAGOQGTGC TQCIQQCnT 650 
T30GADGACT ACCGCCAOGA CCAOGAGGAG TCICGOCAGG AGGACOGAAA 
ThrLeuLeuM etAlaValLe uValLeuLeu ThrAlaVaH. euLeuAlaPh 

aaoxcQCA ocaxxxxxx: ctcagcciqc ctatgtgqca ctgitgocct 700 
GGrrGOQQOGrr qogcgggoqg gagtoqgaog gatacacogt gacaaoooga 
eHisAlaAla ProAlaArgP rcGlnProAl aTyrValAla LeuLeuAlaC 

GTQCCX30CQC (X7IGTICGTG QGGCICATQG TQGTCTGIAA CCQGCATAGC 750 
CACX3Q0QQ0G QGACAAGCAC CCCGAGfEROC AOCACACATT QQQOGIMCG 
ysAlaAlaAl aLeuPheVal GlyLeuMetV alValCysAs nArgHisSer 

TTQCGQCAQG ACIXXATCIG QGTOGtTGAGC TAOGIOGTOC TO3GCATCCT 800 
AAQGCQOKX: TGAGGIACAC CCACCACICG ATQCAOCAGG ACOOGTAGGA 
PheArgGlnA spSerMetTr pValValSer TyrValValL euGlylleLe 

GQGQQCAGTG CAQGTOQGQG QOGCTCTOQC AGCAGACCCG CQCAOCXXCT 850 
CCQCOGTCAC GTOCAQCCCC OQCGAGAGOG T0GICK3GGC GQGTOQQQGA 
uAlaAlaVal GinValGlyG lyAlaLeuAl aAlaAspPro ArgSerProS 

CIGQQQGCCT CTQGTQGCCT GTGTICITIG TCTACATOGC CTftCAOQCTC 900 
GAQGOOCQGA GACCACQQGA CACAAGAAAC AGATGEAGCG GATGIGOGAG 
erAlaGlyLe uTrpCysPro ValPhePheV alTyrlleAl aTyrThrLeu 

CTOCCCATCC GCATQOQGQC TG00GIOOTC AGCGQCCTQG GCCIUICCAC 950 
GAGQGGTAGG OGTAOQQ00G ACQQCAGGAG T0Q0OQGACC GGGAGAGGIG 
LeuProIleA rgMetArgAl aAlaValLeu SerGlyLeuG lyLeuSerTh 

CTIGCAnTG ATCTTGGCCT QQCAACTIAA CGG1GGTGAT GOLTICXI'ICT 1000 
GAAGGTAAAC TAGAAQCGGA CQGTIGAATr GQCADCACTA GGGAAGGAGA 
rLeuHisLeu IleLeuAlaT rpGlxiLeuAs nArgGlyAsp AlaPheLeuT 

GGAAGCAGCT OQGTGCCAAT G'lGCTQCTGT TOCTCTQCAC CAACGICATT 1050 
CCnCGIGGA GCCAOQGTTA CAGGAGGACA AGGAGACGIG GTTGCAGEAA 
rpLysGlnLe uGlyAlaAsn ValLeuLeuP heLeuCyglh rAsnVallle 

GQCATUIGCA CACACTATCC AGCAGAQGIG TCICAGQQCC AQGCCTTICA 1100 
CQGTAGAOGT GTGIGATftGG TGGTCTQCAC AGAGTOGGGG T0OQGAAAGT 
GlylleCysT hrHisTyrPr oAlaGluVal SerGlnArgG InAlaPheGl 

GGAGAGGGQC GGTEACATOC AGGGOOGQCT QCAGCIGCAG CATGAGAATC 1150 
CCIUIDQGCG OCAATGEAGG TOCQQQOOGA GGIGGAGGTC GTACIUTEAG 
nGluHhrArg GlyTyrlleG InAlaArgLe uHisLeuGln HisGluAsnA 

GQCAGCAQGA QOGGCIGCIG CK3KX3GTAT TGOOOCAGCA CGITQOCATG 1200 
OQGTOGTOCT GGOCGACGAC GACAGCCATA AOGQGG1GGT GCAAOGGTAC 
rgGlnGlnGl uArgLeuLeu LeuSerValL euPrcGlnHi sValAlaMet 
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FI6. IC 3/9 

GAGATGAAAG AAGACATCAA CACAAAAAAA GAAGACAIGA TGTTOCACAA 1250 
CTCTACTTTC TICIGEAGTT GIUiTl'ITlT CITCTOEACT ACAAGGTGTT 
GluMetLysG luAspIleAs nlhrLysLys GluAspMetM etPheHisLy 

GATCEACATA CAGAAGCATG ACAATGTCAG CftlCCTGTTT GCAGACATIG 1300 
CTAGATGTAT GItTIQGEAC TffTTACAGTC GEAGGACAAA CGTCTGTAAC 
slleflyrlle GlnLysHisA spAsnValSe rlleLeuPhe AlaAspIleG 

AQGGCTTCAC CAGOCTQQCA TOOCAGTQCA CTQOQCAGGA. GCIQGTCATG 1350 
TCOCGAAGfIG GIGGGAOCGT AGGGTCAOGT GADQCGTCCT CGAOCAGEAC 
l\^iyEh^Th rSerLeuAla SerGlnCysT hrAlaGinGl uLeuValMet 

ACCCTGAATC AGCTCTTTGC QCQGnTTGAC AAQCIQQCTG OQSAGAATCA 1400 
TQGGACTTAC TCGAGAAAOG GQCCAAACIG TIGGAGGGAC GOCTCTEAGT 
ThrLeuAsnG luLeuPheAl aArgRieAsp LysLeuAlaA laGluAsnHi 

CIGCCIGAGG ATCAAGATCT TQQQQGACIG TERCIACIGT GOPGTCAQQGC 1450 
GAGGGACICC TAGTICEAGA ACCCOCIGAC AATGATGACA CACAGTCCCG 
sCysLeuArg IleLysIleL euGlyAspCy sTyrTyrCys ValSerGlyL 

TOCCGGAQGC CCQGGOOGAC CATQCCCACT GCIGIGTOGA GATQQQGGTA 1500 
ACGGCCTOCG GGCCCQQCTG GTAQQGGTGA GGACACAOCT CEAOCXX3CAT 
euProGluAl aArgAlaAsp HisAlaHisC ysCysValGl uMetGlyVal 

GACATGATTG AQQOCATCTC GCIQGTACGT GAGGfTGACAG GIGTGAATGT 1550 
CIGTACTAAC TGQQGfTAGAG OGACCATQCA CnXXACIGTC CACACTTACA 
AsfMetlleG luAlalleSe rLeuValArg GluValThrG lyValAsnVa 

GAACATQQQC GTD3QGCATCC ACAQQQQQOG CX3IGCACIGC GGOGICCTIG 1600 
CTIUTACGCG CACCCGTAGG TGCTOGOO0QC GCAOGIGAOG (XGCAGGAAC 
lAsnMetArg ValGlylleH isSerGlyAr gValHisCys GlyValLeuG 

GCTIGCGGAA AT9GCAGTTC GATGflGTQGT CCAATCA3GT GAGOCTOQQC 1650 
CGAACGCCTT TADQGflCAAG CTACACAQCA Q3TEACEACA CIGGGADCGG 
lyLeuArgLy sTrpGlnPhe AspValTrpS erAsnAspVa llhrLeuAla 

AACCACATOG AGGCAGGAGG CDQGGCIGGC CQCATOCACA TCAOT0QQGC 1700 
TTQGTGTACC TODGTOCTOC QGCOQGADOG GQGTAGGTGT AGTPGAGOQQG 
AsnHiSMetG luAlaGlyGl yArgAlaGly ArglleHisI lefThrArgAl 

AACACIGCAG TAOCTGAACG GQGACTADGA GGT33AGCCA GGCOGTGGnG 1750 
TTGIGAGGTC A1QGACTIGC CXXTGATGCT GCAOCTOGGT CCQQCACCAC 
aThrLeuGln TyrLeuAsnG lyAspOyrGl uValGluPro GlyArgGlyG 

GQGAGGGCAA OGQGTACCIG AAGGAGCAGC ACATIGAGAC TITCCICATC 1800 
OQCTQGGGTT GCGCATGGAG TTGCTCGTOG TGnCAACTCTG AAAQGAGTAG 
lyGluArgAs nAlaTyrLeu LysGluGlnH isIleGlufTh rFheLeuIle 
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FIG. ID 4/9 

CTGQGCGCCA QCCAGAAADG GAAAGAQGAG AAGGGCATQC TOQCCAAGCT 1850 
GAOQOGQGGT GGGTCTTIQC CITICICCIC TTCGQGnCACG ACXGGTTOGA 
LeuGlyAlaS erGlnLysAr gLysGluGlu LysAlaMetL euAlaLysLe 

GCAGOQGACT 09QQCCAACT CCATQGAAGG GCTGATQOOG COCIGGGTIC 1900 
CGIOGCCIGA GQCGQGTIGA GCTADCTDGC 0GACTAO3GC GQGAOQCAAG 
uGlnArglhr ArgAlaAsnS erMatGluGl yLeuMetPro ArgTrpValP 

CTGATOGTK3C CITCTCCQGG ACCAAGGACT (XAAGQCCTr COQOCAGATG 1950 
GACEAQCACG GAAGAGQGCC TGGTTCCIGA GGTTCCGGAA GGCGGIUIAC 
xaAspArgAl aPheSerArg ThrLysAspS erLysAlaPh eArgGlriMet 

QGCATIGATG ATTOCAQCAA AGACAACCGG QGCADOCAAG ATOCQCTCAA 2000 
OCGEAACTAC TAAGGTOGTT TCIGITQQOC OOGIGQGTIC TACGQGACIT 
GlylleAspA spSerSerLy sAspAsnArg GlyThrGlnA spAlaLeuAs 

CCCIGAGGAT GAGGTGGATG AGTKTTGAG OCGTQQCMC GATQCOOQCA 2050 
QGGACIOCTA CICCACCTAC TCAAGGACTC QGCAOGGTAG CTftOQQGOGT 
nProGluAsp GluValAspG luPheLeuSe rArgAlalle AspAlaArgS 

GCATTGATCA GCTGCGGAAG GACCATGTQC GCCGGTTICT GCICAOCnTC 2100 
CXJTAACTAGT QGACGCCTIC CIGGEACAOG CGQOCAAAGA CGAGTQGAAG 
erlleAspGl nLeuArgLys AspHisValA rgArgPheLe uLeiflhrPhe 

CAGAGAGAGG ATCTTGAGAA GAAGTACTQC GQGAAGGIGG ATCCOOGCTT 2150 
GICTCICICC TAGAACIUTT CTICATGAQG GQCTICCACC TAGGQQQGAA 
GlnArgGluA spLeuGluLy sLysTyrSer ArgLysValA spProArgPh 

OQGAGCCTftC GTIGCCTGTG CCCTGTIQGT CTICTQCTIC ATCTQCTICA 2200 
GCCICQGATG CAACQGACAC GQGACAACCA GAAGACGAAG TAGAQGAAGT 
eGlyAlaTyr ValAlaCysA laLeuLeuVa lPheCysPhe IleCysPhel 

TCCAGCTICr CATCTICCCA CACTCCACOC TGATQCTIGG GA3UIATO0C 2250 
AQGTCGAAGA GEAGAAGQGT GTGAGGTOQG AOTACGAAC3C CTAGATACGG 
leGlnLeuLe ullePhePro HisSerlhrL euMBtLeuGl ylleTyrAla 

AGCATCnCC TGCIGCIGCT AATCACOGTG CTGATCK3IG CTCflGTZOC 2300 
TQGTAGAAGG AGGAGGAGGA TIAGTGQCAC GACTAGACAC GACACATGAG 
SerllePheL euLeuLeuLe ulleflhrVal LeuIleCysA laValTyrSe 

CIGTQGTIUr CIGTICCCTA AGQCGCTGCA ACGTCTSICC CQCAGCAITG 2350 
GACACCAAGA GACAAQQGAT TQOQQGAGGT TQCAGACAGG GOGTOGfEAAC 
cCysGlySer LeuPheProL ysAlaLeuGl nArgLeuSer ArgSerlleV 

TCQGCTCACG QQCACATAGC ACCQCAGTTG GCATL'lTl'lL' GGTCCIQCTT 2400 
AGQOGAGTQC QGGTGEATCG TOGGGTCAAC CGTAGAAAAG GCAQGACGAA 
alArgSerAr gAlaHisSer ThrAlaValG lyllePheSe rValLeuLeu 
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FIG IE 5/9 

GiorrisoT ciggcatigc caacatgttc acctueaacc acacxdqocat 2450 

CACAAAT3AA GACGGTAAOG GTIGTftCAftG TQGACATIGG TCTQQQQGTA 
ValPhglhrS erAlalleAl aAsnMetPhe IhrCysAsnH islhrProIl 

AD3GRQCICT QCAQCCQQGA. TQCTGAATTT AAOVOCTQCT GACATCACIG 2500 
TGCCTOGACA OGTTQQQQOCT AGGACTEAAA TIUIGGACGA CIGTAGTCAC 
eArgSerCys AlaAlaArgM etLeuAsnLe uHirProAla AspIleOhrA 

CCIQCCACCT QCAGCAGCIC: AATTACTCTC T3QQCCIGGA TCCTOCCCTG 2550 
GGAGGGIG3A OGTPGGT0GAG 1TAATGAGAG ACOCGGACCT ACGAQQQGAC 
laCysHxsEe uGl^lril^ Asn^^ pAlaProD=u -<--■• 

TCIGAGGQCA QCATQOQCAC CTOCAGCTTT CCTGAGfTACT TCATOQGGAA 2600 
ACACTOCOGT QGfrADQQGTDG GACGTQGAAA GGACTCA1GA AGTftGGGCIT 
CysGluGlyT hrMetPrc/Ih rCysSerPhe ProGluTyrP helleGlyAs 

CATQCTGCIG AGTCICITQG CCAGCTCIGT CTTCCTCCAC MCAGCAQCA 2650 
GTAGGACGAC TCAGAGAACC GGTOGAGACA GAAGGACGIG TAGTCGT0GT 
riMetLeuLeu SerLeuLeuA laSerSerVa lPheLeuHis IleSerSerl 

TCGQGAAGTT GGCCATCATC ' I ' l ' lUlLTlVJ S GGCTCATCIA TTIGGflQCTG 2700 
AGCCCTICAA (XXXxEACTAG AAACAGAACC CQ3AGTAGAT AAACCACGAC 
leGlyLysLe uAlaMetlle PheValLeuG lyLeuIleTy rLeuValLeu 

CTICIGCTGG GICCCCCAGC CACCATCTTr GACAACTATC ACCEACTGCT 2750 
GAAGAQGACC CAQOGOGfTCG GTQGTAGAAA CTGITGATAC TQGATGAGGA 
LeuLeuLeuG lyProProAl aHirllePhe AspAsrflyrA spt£ul£ul£ 

TOGQGTOCAT GGCTIGGCTT CTTQCAATCA GACCTTIGAT GQGCIQGACT 2800 
ACQGCAQGTA CCGAACOGAA GAAGGTEACT CIGGAAACIA OCOGACCIGA 
uGlyValHis GlyLeuAlaS erSerAsnGl uOftrPheAsp GlyLeuAspC 

GICCAGCTGC AGGGAQQGTG GCOCICAAAT ATATGACQCC T3IGATTCIG 2850 
CAGGTOGACG TOCCIQCCAC QOGGAGTITA TATACK3QGG ACACTAAGAC 
ysProAlaAl aGlyArgVal AlaLeuLysT yrMetlhrPr oVallleLeu 

CTOGTGTTIG QGCIX3QCGCT GTMCIGCAT GCICAGCAQG T3GAGTCGAC 2900 
GACCACAAAC GGGAOOGCGA CATAGAGGTA CGAGTCGTCC AOCTCAGCTG 
LeuValPheA laLeuAlaLe uTyrLeuHis AlaGlnGlnV alGluSerTh 

TCCXXGCCTA GACTTOCTCT GGAAACTACA GGCAACAGGG GAGAAQGAGG 2950 
ACQQQQGGAT CIGAAGGAGA CdTIGATGT OQGTIGIGOC CTCTTOCIOC 
rAlaArgLeu AspPheLeuT rpLysLeuGl nAlaThrGly GluLysGluG 

AGATOGAQGA GCTACAGQCA TACAACQQGA QGCIGCIGCA TAACATTCTG 3000 
TCTACCTQCT CGATGTOCGT ATGTrQGCCT CQGAGGAQGT ATIGTAAGAC 
luMetGluGl uLeuGlxiAla TyrAsnArgA rgLeuLeuHi sAsnlleLefu 
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OOCAAGGACG TOQOQGCOCA CTTCCTCGQC OQQGRGQQOC GCAATGATGA 3050 
QQGTTOCTCC ACOGCCGGGT GAAQGAOQQG Q00CT0Q0QG OGTFEACTACr 
ProLysAspV alAlaAlaHi sPheLeuAla ArgGluArgA rgAsnAspGl 

ACTCEACTAT CAGTrOGIGIG AGTGTIUK3GC TGTETKTSnT GOCHCCATIG 3100 
TGAGATCKTA GTCAGCACAC TCACACAOQG ACAATACAAA OQGAQGTAAC 
uLeuTyrTyr GlnSerCysG luCysValAl aValMetFhe AlaSerlleA 

CCAACITCrC TGftGTIUEAT GIGGAGCTQG AGGCAAACAA TG&GGGIGIC 3150 
QGTTGAAGAG ACTCAAGATA CACCTOGACC TOUU1T1U1T ACTOOCACAG 
laAsnPheSe rGliiPfieTyr ValGluLetG lijAlaAsnAs nGluGlyVal 

GAGTQCCIGC GQCT3CTCAA CX3RGA3CATC QCTGACITTG ATGAGATEAT 3200 
CTCACGGAOG CQGADGAGTET GCICEAGTAG OGACIGAAAC TACIUTAATA 
GluCysLeuA rgLeuLeuAs nGluIlelle AlaAspPheA spGluIlell 

CAGOGAQGAG CGGTKXX3GC AGCIGGAAAA GATCAAGAOG ATIGGTAGCA 3250 
GTOGCTCCTC GCCAAGGCOG TCGAQCTTIT CTALJi'lL'lUC TAACCATQGT 
eSerGluGlu ArgPheArgG IriLeuGluLy sIleLysflhr IleGlySerT 

CCIACATQGC T9CCICAGQG CIGAAOQGCA GCACX7EADGA TCAQGTOQGC 3300 
QGATGTAOCG AQGGAGTOCC GACTIGOGGT CGIQGKK3CT AGTCCAOGCG 
nrTyrMetAl aAlaSerGly LeuAsnAlaS erThxTyrAs pGlnValGly 

CX3CICCCACA TCACIQQOCT GGCTCAC7EAC GOCATQGGGC TCATQGAGCA 3350 
GOGAGGGflGT AGTGACGQGA COGACTCATC CGGTADQOGG AGTAOCTCGT 
ArgSerHisI leflhrAlaLe uAlaAspTyr AlaMetArgL euMetGluGl 

GATGAAGCAC ATCAATGAGC ACTCCITCAA O^ATTICCAG A3GAAGATIG 3400 
CTACTTGGTG TAGTEACTOG TCAGGAAGTT GTEAAAGGIC TACTICTAAC 
nMetLysHis IleAsnGluH isSerPheAs nAsnPheGln MetLysIleG 

QGCIGAACAT GQQOCCAGK: GTQGCAQGrIG TCATOQGGGC TOGGAAGGCA 3450 
CCX3ACTTGTA CQCQQGTCAG CACCGTCCAC AGTAQOCCOG AGCCTIDQGT 
lyLeuAsnMe tGlyProVal ValAlaGlyV allleGlyAl aArgLysPro 

CAGTATGACA TCT9QQQGAA CACAGTCAAT GICTCTRGTC GTATOGACAG 3500 
GTCATACIGT AGACOCXXTT GTGTCACITA CAGAGATCAG CAIACCTGTC 
GlnTyrAspI leTrpGlyAs rfltirValAsn ValSerSerA r^fetAspSe 

CACQQQGGTC CCCGACQGAA TCCAGGTCAC CAQQGAOCTG TACCAGGTIC 3550 
GTCCCCCCAG GOGCIGGCIT AQGTC3CACIG GTQOCTQGAC ATOGICCAAG 
rthrGlyVal ProAspArgl leGlnValTh rltaAspLeu TyrGlnValL 

TAQCTGGCAA QQGCEACCAG CICGAG1UIC GAGGGGTGGT CAAQGTGAAG 3600 
ATOGAQGGTT QCCGATOGTC GACCICACAG CT00QCROCA GTIOCACTIC 
euAlaAlaLy sGlylyrGln LeuGluCysA rgGlyValVa lLysValLys 
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QQCAAGQGGG AGATGACCAC CTACITOCTC AA3GGQGGCC CCAQCAGTIA 3650 
CCGTIOXCC TCTACIGGTG GATCAAQGAG TEADCCCXDQG GGTCGICAAT 
GlyLysGlyG luMeeihrTh xTyrPheLeu AsnGlyGlyP roSerSer 

ACAQQGCCCA GCCACAAATT CAGCIGAAGG GACCAAQGTC QQCATIGAGT 3700 
TGTCCCGGGT CGGTCTETEAA GICGACTIOC CT3GTIXXAC COGTAACTCA 



QGACIUICTG CTCACIGGGT GGAGCIGTQG CAGQGGGCAC TGAGCCTCCA 3750 
OCIGAGACAC GAGIGACOCA (XTOGAOUPC . GTCCQXGIGf. ACICQGAGGT 



GACCCIGCTA AOCACAAAAG GGAACATCQC AGCAGGCTGT GCTIGGATCA 3800 
CIQQGAQGAT TGGTGTITTC CCTIUEAGGG TOGTCCGACA CGAACCTAGT 



TQCICGICIG COTICAAGCT GGAAAACAAG GGGCTACCTA GGGAGAQGAT 3850 
AOGAGCAGAC GQGAGTTQGA CLTlTlUi'lC CCCGATQGAT GGCTCTCCTA 



TATGCAAGTG AL'l'l'lL'iTlC TIACTIGGQG TAGGGCTGTT COCICTCCAA 3900 
ATACGTTCAC TGAAAGAAAG AATCAACCOC ATCCOGACAA GQGAGAQGTT 



IOTCCAGGC 1TIGGGAGCA GQQGAQQQGT CAGTAGCAGA AGCAGAQQGA 3950 
AGAAGGTOGG AAACCCICGT CGOdOCXXA GTCATOGTCT TOGTCTOOCT 



GGGCTCTIGC CIGAGGGATT AAAATOGCAG CTIGCCATOC CTACCCITCC 4000 
OCGGAGAACG GACTCCCTAA TTITACCGTC GAACGGTACG GATQGGAAGG 



CTGTCICTCT QQGCAGCAQG TICAGOGCIG AGCCCTTCTT TICOL'ILTIT 4050 
GACAGACAGA OCCGTCGTCC AAGTCCCGAC TCGQGAAGAA AAGGGAGAAA 



TTTQCIQQGA AIATITIGTA CAATATiTlG TACAAAGACA GQCATGAGGA 4100 
AAAGGACCCT TATAAAACAT GTTATAAAAC ATGnTIUIGT COGTACTQCT 



GTQOCTATIC CATGCITQCC TITQCAATAC CIQCAT000C AGCACIGGTC 4150 
CAQQGATAAG GTACGAACGG AAAGGTEAIG GACGTAQGQG TQGflGACCAG 



CTOGGCACTT CCCCACQCCA GCCAGGIGTC OCTOCTATOC ACAGAQCAGA 4200 
GADCCGTGAA GQQGTQGGGT COGTOCACAG GGAGGATACG TOTCTOGTCr 
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QGAQQGAGAA GCICIGGGGA GQCAQCTTTG GCCATATTIC AGGAGAATGT 4250 
CCTOCUIUrr CGGTQGAAAC CX3GEKEAAAG toctcteaca 



TIQCMGTDQC CAAMCTISG TOCCATCATC TCTOOOCAAA GOQGAACAAA 4300 
AAQGTACACG CTTEAGAATC AQQGTACTAG AC&QGGGTTT QOQLTlUm' 



GC3GADCTCTC ACAQCITRGA TITAQCCCCA GTIOCTQCAC GCTCCAQQGA 4350 
•GQCTQGAGAC TCTDOGAATCT AAATOQQGGT • CAAGGAQGTG CGAQGfT0C3GT« 



AOQQGGICTC T3GCCTCACT GGEACIGIGA AAAATGCTCA GAGAGCAAGC 4400 
TGCCCCACAG ACOGGAGTGA. CCATCACACT TITEACGAGT CICTOCTTCG 



CK3IGTGTQG GG&1GTCAGG TCAQGAGCIG GAAGTICACC TOCAGGTGCC 4450 
GACACACAOC CCTACAGTCC AGTGCTGGAC CTICAAGIGG AOJDCCACGG 



AAAGAGCAGG CCQGQCAGGG CIQQQQCAGT GCCAGACTCT GATCIGAGGA 4500 
TnCKXSICC QQCQ3GTCCC GADCXXX3ICA GGGICIGAGA CIAGACPQCT 



COCCGrroOQG GICCAGATCA GGICACICIG CQQCAGTOCT CICnQCTST 4550 
QQQGCAGQCC CAGGTCEACT CCAGflGAGAC GQQGTCACGA GAGAAOGACA 



CIGCIGACAA GQQGQCA3GG AGCATL'IL'IT GL'lL'l'ICIGT TQCCAAATAG 4600 
GAGGACIGIT CCCCQGTACC TOGTAGAGAA GGAGAAGACA AD3GTTEATC 



AAAAQGGTCA GGGCATGGAG AAAQGIGACC CIGATCCCAA AOCTQOCCIC 4650 
TTTTGCCAGT CCCGTACCTC TTICCACIGG GACTAQGGIT TGGACGGGAG 



CCAAGTCTCT GGIGTIQQGG AGGGCCGGTG '1U1T1U1U1A ACIGTGTGIG 4700 
GGTICAGAGA OCBCAACOOC TCXXQGQCAC ACAAACACAT TGACACACAC 



CATGrrTQGTC 'ITIU I UIGCA TATCTUITIT OCAQGTGTAT GIGAGTOCTT 4750 
GTACAACCAG AAACACACGT ATAGACAAAA QGTOCAGATA CACICAGGAA 



GTQCTQCTQC TQCICAGCTC TOCACCCCAG GTIGCCTCIC TQCTSIGGGC 4800 
CACGAGGACG AGGAGTCGAG AGGTQGQGTC CAADQGAGAG AQGACAGCCG 
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GTCTKTCTIC TOQGAAIAAA GCAGQGTITC CIACTICAGG QGATCEAGAG 4850 
GfiGACAGAAG A00LTJ!AI'1T CCTOCCAAAG GA1GAAGICC QC7EACATCIU 



AGATQOOCAG GITOCACAGG AGIQQGA3QG GGIUIQCTAG CAAAAGGAGG 4900 
TCTACQQGTC CAACGTSIGC TCACCCTACC GCACAOCATC b'l'l'l'lDCTGC 



GaGAGGAGTC CTITI'IUIGC CAAATCCCIA AGIGOOGTIC QG 4942 
CTCIDCTCAG GAAAAACACG GITIAQGGAT TCADQGCAAG GC 
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